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© An optical data storage medium is comprised of 
a data layer 16 and a reference layer 18 deposited 
onto a substrate 12. The data layer material is com- 
prised of a transition metal rich rare earth-transition 
metal. The data layer has a destruction temperature 
greater than its Curie temperature. The reference 
layer is comprised of a transition metal poor rare 
earth-transition metal. The reference layer material 
has a Curie temperature greater than the destruction 
temperature of the data layer material providing a 
write once read many (WORM) medium which may 
be read by erasable magneto optic (MO) drives. 
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This invention relates generally to optical data 
storage media and systems utilising such media. 

Optical data storage systems store large quan- 
tities of data on a single optical disk medium. Write 
once read many (WORM) and erasable magneto- 
optic (MO) are two types of optical systems. 

WORM systems are used to permanently 
record data. Specific applications include storing 
the financial data of financial institutions and claim 
documentation of insurance companies. The 
WORM systems typically use a medium upon 
which data is permanently recorded by burning pits 
or changing the phase of spots on the medium with 
a laser beam at relatively high power. The data is 
then read by directing a low power laser beam at 
the medium. The data pits or spots have different 
reflectivity than the surrounding medium and this 
difference in reflectivity is detected by the optical 
channel and converted into a digital signal repre- 
sentative of the recorded data. 

MO systems allow data to be written and 
erased repeatedly from the same medium. The 
systems use a medium which contains rare earth- 
transition metal compositions. Initially, the medium 
has its magnetic domain oriented in a first direc- 
tion. Data is recorded by directing a high power 
laser beam to a spot on the medium in order to 
heat it above its Curie temperature. At approxi- 
mately this temperature, the medium has negligible 
magnetic coercivity and its magnetic domain is 
easily oriented in a second direction by a small 
biasing electro-magnet in the disk drive. When the 
material cools below its Curie temperature it retains 
its magnetic orientation. The data is then read by 
directing a low power polarized laser beam at the 
medium. The different magnetic domain orienta- 
tions cause the laser beam's plane of polarization 
to be rotated one way or the other upon reflecting 
from the medium. This is known as the Kerr effect. 
This difference in polarization is detected by the 
optical channel and a data signal representative of 
the recorded data is generated. 

The data may be erased by re-heating the 
medium to above its Curie temperature with the 
laser and then reversing the magnetic domain with 
the small biasing magnet A disadvantage of the 
scheme is that the medium must be rotated one 
complete revolution to erase a track before re- 
writing may begin. Various schemes to directly 
overwrite (DOW) the MO medium have been pro- 
posed. These include Saito, et al. "Direct Overwrite 
By Light Power Modulation On Magneto-Optical 
Multi-Layered Media," Japanese Journal of Applied 
Physics, Vol. 26 (1987), supplement 26-4; Euro- 
pean Patent Application 89313591.3, filed Decem- 
ber 27, 1989 by Shiratori; European Patent Applica- 
tion 90302213.5, filed January 3, 1990, by Mat- 
sumoto; Japanese application 01-128246, filed May 


19, 1989 by Yumoto, et al.; Japanese application 
63-237242. filed October 3, 1988 by Kobayashi, et 
al.; and Japanese application 01-237946, filed Sep- 
tember 22, 1989 by Inoue, et al. 

5 Optical disk drive users need the flexibility of 

being able to use both WORM and erasable MO 
medium as their applications dictate. However, the 
standard WORM medium are not compatible with 
standard MO drives and vice versa. It is desirable 

jo to build a single drive which can handle both 
WORM and MO. However, with the present WORM 
medium such a drive would have to be able to 
perform both reflectivity and polarization detection. 
This would necessitate two different optical chan- 

/s nels and some way for the drive to identify which 
medium it is using and switch between the chan- 
nels. The result is a complex drive which is not 
optimized for either MO or WORM. 

In accordance with the present invention there 

20 is provided an optical data storage medium com- 
prising a magnetic reference layer having a net 
magnetization in a first direction, the reference lay- 
er net magnetization being unalterable by the mag- 
netic field and temperatures in a disk drive, the 

25 magnetic reference layer having a subnetwork 
magnetization oriented in a second direction; a 
magnetic data layer having a net magnetic domain 
in a first direction and a subnetwork magnetization 
in the first direction. 

30 In accordance with another aspect of the inven- 

tion there is provided an optical data storage me- 
dium comprising a data layer comprised of a first 
magnetic material, the first magnetic material hav- 
ing a destruction temperature greater than its Curie 

35 temperature; and a reference layer comprised of a 
second magnetic material having a Curie tempera- 
ture approximately equal to or greater than the 
destruction temperature of the first magnetic ma- 
terial. The data layer is preferably a rare earth- 

40 transition metai composition which is transition 
metal (TM) rich. The reference layer is preferably a 
rare earth-transition metal composition which is TM 
poor. 

There is further provided a method for making 
45 an optical data storage medium comprising the 
steps of depositing a data layer on a substrate, the 
data layer comprised of a first magnetic material 
having a destruction temperature greater than its 
Curie temperature; depositing a reference layer 
so onto the data layer, the reference layer comprised 
of second magnetic material having a Curie tem- 
perature greater than the destruction temperature 
of the first magnetic material; and exposing the 
data layer and the reference layer to a magnetic 
55 field, the magnetic field being sufficient to align the 
net magnetizations of the reference and data layers 
in a first direction. 
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A system for storing data on such a medium is 
also provided, including a radiation source for pro- 
viding a first radiation beam; radiation transmission 
means for directing the first radiation beam to the 
medium; and radiation reception means for receiv- 
ing a second radiation beam from the medium and 
generating a data signal responsive thereto, to- 
gether with a method for recording data comprising 
directing a radiation beam to a selected portion of 
an optical data storage medium, the medium com- 
prising a data layer and a reference layer, the data 
layer comprised of a first magnetic material, the 
first magnetic material having a destruction tem- 
perature greater than its Curie temperature, the 
reference layer comprised of a second magnetic 
material, the second magnetic material having a 
Curie temperature greater than the destruction tem- 
perature of the first magnetic material, the radiation 
beam being sufficient to heat the data layer to a 
temperature greater than the Curie temperature of 
the data layer; moving the medium relative to the 
radiation beam; and pulsing the radiation beam 
responsive to data to be recorded. The radiation 
beam, conveniently provided by a high power la- 
ser, heats the spots on the medium to above the 
Curie temperature of the data layer, and upon 
cooling, the magnetization of the data layer re- 
verses itself in order to eliminate the domain walk 
The reference layer has a Curie temperature ap- 
proximately equal to or greater than the tempera- 
ture at which the data layer is irreversibly damag- 
ed. The result is that the reference layer may not 
be altered and the data on the data layer may not 
be erased. This WORM MO medium is read by 
detecting changes in polarization, as is the case 
with standard MO medium and may therefore be 
used in standard MO drives. 

In order that the invention may be well under- 
stood, preferred embodiments thereof will now be 
described with reference to the accompanying 
drawings, in which:- 

Fig. 1 is a cross sectional view of the medium of 

the present invention; 

Fig. 2 is a graph of coercivity versus tempera- 
ture for the medium of the present invention; 
Fig. 3 is a schematic diagram of the initialization 
process of the present invention; 
Fig. 4 is a schematic diagram of the writing 
process of the present invention; 
Fig. 5 is a cross sectional view of an alternative 
embodiment of the present invention; and 
Fig. 6 is a schematic diagram of an optical disk 
drive system of the present invention. 
Fig. 1 shows a cross sectional view of an 
optical medium of the present invention and is 
designated by the general reference number 10. 
Medium 10 comprises an optical substrate 12 
which may be made of glass or polycarbonate in 


the preferred embodiment. A dielectric layer 14 is 
deposited onto substrate 12. Dielectric layer 14 
may be made of optical dielectrics as are known in 
the art, such as Si 3 N<i Al 2 0 3 or AIN. 
5 A data layer 16 is deposited onto dielectric 

layer 14. Data layer 16 is preferably a rare earth- 
transition metal. The data layer material has a 
Curie temperature which is typically 130-300 deg 
C. Above temperatures of approximately 400 deg C 

/o the data layer 16 will be irreversibly damaged. The 
data layer will no longer be able to record data nor 
will the drive be able to read data from the data 
layer. This critical temperature is known as the 
destruction temperature. The material of data layer 

75 16 should also preferably have a compensation 
temperature which is below ambient temperature. 
Ambient temperature is the temperature at which 
the optical drive is operated and is typically in the 
range 0-50 deg C. 

20 One example of a material which may be used 

for the data layer 16 is Tb x Fe y Co z where 19£ x 
£22, 663 y £ z S 12. and x + y + z = 100. This 
material is also known as a rare earth-transition 
metal which is transition metal rich. Rare earth- 

25 transition metal compositions contain both a rare 
earth subnetwork and a transition metal subnet- 
work. The magnetizations of the two subnetworks 
are in opposite directions. The direction of the net 
magnetization of the rare earth-transition metal will 

30 therefore depend upon which subnetwork predomi- 
nates. If the net magnetization is in the same 
direction as the transition metal subnetwork, then 
the composition is defined as transition metal rich. 
If the net magnetization is in the opposite direction 

35 to the transition metal subnetwork magnetization, 
then the composition is transition metal poor. For 
the data layer 16 the net magnetization is in the 
same direction as the TM subnetwork's magnetiz- 
ation for temperatures above its compensation tem- 

40 perature. 

A reference layer 18 is deposited onto layer 
16. Reference layer 18 is preferably a rare earth- 
transition metal having a Curie temperature which 
is approximately equal to or greater than the de- 

45 struction temperature of the data layer. In other 
words, it is not possible to change the direction of 
magnetization of the reference layer 18 by heating 
without destroying the data layer 16. Preferably, 
reference layer 18 has a compensation tempera- 

so ture which is within a range of ± 50 deg C of the 
data layer's Curie temperature. The reference layer 
18, preferably has a Curie temperature of approxi- 
mately 450 deg - 500 deg C. One example of a 
material which may be used for the reference layer 

55 18 is Tb a Fe b Co c where 26 S a £ 29, 0 £ b £ 51 . 22 
S c £ 74, and a + b + c = 100. This material is a 
rare earth-transition metal which is transition metal 
poor. The net magnetization of the material is in 
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the opposite direction to the transition metal sub- 
network's magnetization. In this case, the net mag- 
netization of the reference layer 18 is in the same 
direction as the rare earth subnetwork's magnetiz- 
ation. 

A second dielectric layer 20 is deposited on 
the reference layer 18. Dielectric layer 20 is prefer- 
ably made of the same material as dielectric layer 
14. The dielectric layer 20 acts as a protective 
covering. Alternatively another type of protective 
material may be substituted for dielectric layer 20. 
In the preferred embodiment, the substrate 12 is 
1.2 mm thick, dielectric 14 layer is 100-1000 ang- 
strom thick, data layer 16 is 400-800 angstrom 
thick, reference layer 18 is 600-3000 angstrom 
thick, and dielectric layer 20 is 200-2000 angstrom 
thick. The layers may be deposited using standard 
deposition techniques such as sputtering. 

Fig. 2 is a graph of coercivity versus tempera- 
ture for the data layer 16 and the reference layer 
18. Note that the Curie temperature of the refer- 
ence layer 18 is greater than the destruction tem- 
perature of the data layer 16. 

Fig. 3 shows a schematic diagram of the initial- 
ization process of the present invention. Only the 
data layer 16 and reference layer 18 of medium 10 
have been shown for purposes of illustration. Me- 
dium 10 is placed in a large initialization elec- 
tromagnet 30 at room temperature. Magnet 30 gen- 
erates a large magnetic field Hini which covers 
medium 10. The field Hini is sufficiently strong to 
cause the net magnetization of both the data layer 
16 and reference layer 18 to line up along the 
same direction. The thin arrows of Fig. 3 represent 
the net magnetization direction of each layer. When 
this occurs, the data layer 16 will have its TM 
subnetwork's magnetic orientation aligned in the 
opposite direction to the magnetic orientation of the 
TM subnetwork of the TM poor reference layer 18. 
At the interface 32, between the two layers, a high 
energy domain wall is formed. See the slashed line 
of Fig. 3. The domain wall 32 occurs because the 
magnetic dipoles of the two TM subnetworks of the 
two layers are in opposite directions. Energy is 
stored in the domain wall. The magnetic orientation 
will remain as initialized until the data layer is 
heated to a temperature approximately equal to or 
greater than its Curie temperature. It should be 
noted in Fig. 3 that the magnetization of the rare 
earth subnetworks of each layer are in the opposite 
direction to that shown for the transition metal 
subnetworks. 

The initialization magnet 30 must be of suffi- 
ciently large strength to align the layers properly. 

Hini > Hc(data) + sigma /(2"M*t) 


Where Hc(data) is the coercive force of the 
data layer, sigma is the domain wall energy den- 
sity, M is the magnetization strength of the data 
layer 16 and t is the thickness of the data layer, 
s The above values are calculated at the initialization 
temperature. In the preferred embodiment, initial- 
ization is done at ambient temperature and the Hini 
is equal to approximately 18 KOe. 

The material of data layer 16 is preferably 

io chosen to have a compensation temperature less 
than room temperature in order to allow the initial- 
ization process to be done at room temperature. 
See Fig. 2. However, the material for data layer 16 
may alternatively have a compensation temperature 

75 equal to or greater than ambient temperature. The 
Curie temperature of the data layer 16 must still, of 
course, be less than the destruction temperature. In 
the case of this alternative material, the initialization 
process is done at temperatures above the com- 

20 pensation temperature of the data layer (greater 
than ambient in this case). This is achieved by 
heating the medium while it is in the initialization 
magnet 30. Fig. 3 shows an optional heating ele- 
ment 38 which is placed proximate the medium 10. 

25 Fig. 4 shows a schematic diagram of the writ- 

ing process of the present invention. The medium 
10 which has previously been initialized, is placed 
in a magneto-optic disk drive. The polarized laser 
beam 40 is focussed by a lens 42 onto a spot on 

30 the data layer 16. The power of beam 40 is set 
such that the temperature of the spot is approxi- 
mately equal to or greater than the Curie tempera- 
ture of the data layer 16. When this occurs the 
transition metal subnetwork of the data layer 16 

35 reverses its orientation and aligns with the transi- 
tion metal subnetwork of the reference layer. The 
domain wall is thereby eliminated. 

The data spot on the data layer 16 is now 
permanently recorded. The bias magnet 50 which 

40 is contained in the typical MO drive generates a 
relatively small magnetic field (typically £ 500 Oe) 
which is unable to reorient the data layer. Attempt- 
ing to rewrite the disk by using the laser to heat 
the medium above the reference layer's Curie tem- 

45 perature is also ineffective. This temperature ex- 
ceeds the destruction temperature of the data layer 
and the medium will be permanently damaged. It is 
therefore not possible to selectively overwrite the 
data recorded. The disk may be completely erased 

so in its entirety only by repeating the initialization 
process described above. 

The medium 10 is typically in a disk shape and 
is rotated in a direction relative to beam 40 as 
indicated by the arrow. The laser beam 40 is 

55 pulsed on or off such that the data is recorded on 
the disk as spots on the data layer 16 having 
different net magnetization directions. The data is 
read by focussing a low power laser beam onto the 
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disk. The Kerr effect causes the reflected light to 
have its plane of polarization to be rotated one way 
or the other and this difference in polarization is 
detected and converted to a digital data signal. 

Fig. 5 shows a cross sectional view of an 
alternative embodiment of the present invention 
and is designated by the general reference number 
60. Elements of medium 60 which are similar to 
medium 10 are designated by a primed number. A 
coupling layer 62 has been added between data 
layer 16' and reference layer 18*. The coupling 
layer 62 may be used to obtain appropriate cou- 
pling strength between certain combinations of data 
and reference layers. Preferably coupling layer 62 
is made of a rare earth-transition metal containing 
gadolinium or dysprosium. The thickness of layer 
62 is preferably 50-200 angstrom. 

Fig. 6 is a schematic diagram of an optical data 
storage system of the present invention and is 
designated by the general reference number 100. 
System 100 may be used with standard MO me- 
dium as well as the medium 10 or 60 of the 
present invention. System 100 has a disk medium 
110 which represents a standard MO medium as 
well as medium 10 or 60 of the present invention. 
Medium 1 10 is mounted to a spindle motor 116. An 
optical head 120 is positioned below medium 110. 
Head 120 is moved in a radial direction relative to 
disk 110 by a linear motor 122. A bias magnet 130 
is located above medium 110 and is connected to 
a magnet control 132. 

A laser 150 produces a polarized light beam 
152. Laser 150 is preferably a gallium-aluminum- 
arsenide laser diode which generates light at ap- 
proximately 780 nm in wavelength. Light beam 152 
is collimated by a lens 154 and circularized by a 
circularizer 156. Circularizer 156 is preferably a 
prism. 

Beam 152 passes to a beamsplitter 158. A 
portion of beam 152 is reflected toward a lens 160. 
Lens 160 focuses the light to a power monitor 
optical detector 162. Detector 162 is connected to 
a laser control 164. Detector 162 provides laser 
control 164 with a power monitor signal which is 
used to adjust the power of laser 150 as appro- 
priate. 

The remaining portion of beam 152 passes 
through beamsplitter 158 to a mirror 170. Mirror 
170 reflects the light toward a focussing lens 172. 
Lens 172 focuses beam 152 onto the disk 110. 
Lens 172 is mounted in a lens holder 174. Holder 
174 may be moved relative to disk 110 by an 
actuator motor 176. Mirror 170 , lens 172, holder 
174 and motor 176 are preferably located in the 
optical head 120. 

A light beam 180 is reflected from the disk 
110, passes through lens 172 and is reflected by 
mirror 170. A portion of the light beam 180 is then 


reflected by beamsplitter 158 to a beamsplitter 
190. Beamsplitter 190 divides the beam 180 into a 
data beam 194 and a servo beam 196. 

Data beam 194 passes through a quarterwave 
5 plate 200 to a polarizing beamsplitter 202. Beam- 
splitter 202 divides beam 194 into two orthogonal 
polarization components. A first polarization com- 
ponent beam 204 is focused by a lens 206 to a 
data detector 208. A second polarization compo- 
rt? nent 210 is focussed by a lens 212 to a data 
optical detector 214. A data circuit 216 is con- 
nected to detectors 208 and 214 and generates a 
data signal representative of the data recorded on 
medium 1 10. 

75 Servo beam 196 is focussed by a lens 220 

onto a segmented optical detector 222, such as a 
spot size measuring detector as is known in the art. 
A focus servo 228, as is known in the art, is 
connected to detector 222 and motor 176. Servo 

20 228 controls motor 176 to adjust the position of 
lens 172 as appropriate in order to maintain proper 
focus. A track and seek servo 230, as known in the 
art, is connected to detector 222 and motor 122. 
Servo 230 causes motor 122 to adjust the position 

25 of head 120 as appropriate. A disk drive controller 
240, as is known in the art, provides overall control 
for servo 228 and 230, as well as spindle motor 
1 16, laser control 164 and magnet control 132. 
The operation of system 100 may now be 

30 understood. When it is desired to use drive 100 
with a standard erasable MO medium of the prior 
art, the MO medium is used as medium 1 1 0. 
During the write operation, controller 240 causes 
laser control 164 to energize laser 150 to provide a 

35 high power polarized beam 152. Beam 152 is pow- 
erful enough to heat the medium 110 to above the 
Curie temperature. At the same time, controller 240 
causes magnet control 132 to energize magnet 
130. The laser 150 is pulsed responsive to the data 

40 to be recorded on the disk and this data is re- 
corded on the disk as the changes in magnetic 
domain orientations. 

During a read operation, controller 240 causes 
laser control 164 to energize laser 150 to generate 

45 a low power polarized beam 152. Beam 152 hits 
medium 110. The low power beam does not heat 
medium 110 to above its Curie temperature. The 
reflected light 180 has its plane of polarization 
rotated one way or the other depending upon the 

so magnetic domain orientations of the spots on the 
medium 110. These differences in polarization are 
detected by detectors 208 and 214, and data cir- 
cuit 216 outputs a digitized data signal representa- 
tive of the recorded data. 

55 When it is desired to use a WORM MO me- 

dium 10 or 60 of the present invention, such me- 
dium is used as medium 110. From the perspec- 
tive of drive 100, the write operation is exactly the 
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same for the WORM MO medium as that de- 
scribed above with reference to the standard MO 
medium. From the perspective of the WORM MO 
medium 110, the write operation is the same as 
that described with reference to Fig. 4. The data 
layer is heated to above its Curie temperature and 
the domain wall is eliminated. The fact that the 
drive 100 is simultaneously energizing the small 
bias magnet 130 has no effect. 

The read operation for the WORM MO medium 
110 is the same as that described above with 
reference to the standard MO medium. From the 
perspective of the drive, there is no difference 
between the erasable MO medium and the WORM 
MO medium of the present invention. Both medium 
have data recorded as differences in magnetic do- 
main orientation. These differences are detected in 
the same way, as changes in polarization of the 
reflected beam and a data signal is generated. 

Claims 


layer. 

7. An optical data storage medium comprising: a 
data layer comprised of a first magnetic ma- 

5 terial, the first magnetic material having a de- 

struction temperature greater than its Curie 
temperature; and a reference layer comprised 
of a second magnetic material having a Curie 
temperature approximately equal to or greater 

io than the destruction temperature of the first 

magnetic material. 

8. The medium of claim 7, including a domain 
wall between the data layer and the reference 

;5 layer. 

9. The medium of claim 7, wherein the first mag- 
netic material has a compensation temperature 
less than ambient temperature and the second 

20 magnetic material has a compensation tem- 

perature greater than ambient temperature. 


1. An optical data storage medium comprising a 
magnetic reference layer having a net mag- 
netization in a first direction, the reference lay- 
er net magnetization being unalterable by the 
magnetic field and temperatures in a disk 
drive, the magnetic reference layer having a 
subnetwork magnetization oriented in a second 
direction; a magnetic data layer having a net 
magnetic domain in a first direction and a 
subnetwork magnetization in the first direction. 

2. The medium of claim 1, wherein, the reference 
layer is comprised of a rare earth-transition 
metal which is transition metal poor; and the 
data layer is comprised of a rare earth-transi- 
tion metal which is transition metal rich. 

3. The medium of claim 1 , wherein, the reference 
layer is comprised of Tb a Fe b Co c , where 26 5 a 
£ 29, 0 $ b £ 51, 22 £ c Z 74, and a+ b + c 
= 100; the data layer is comprised of 
Tb x Fe y Co z , where 19 3 x Z 33, 66 5 y £ 81 , 0 
£ z S 12. and x + y + z = 100. 

4. The medium of claim 1 , wherein the data layer 
is 400-800 angstrom thick and the reference 
layer is 600-3000 angstrom thick. 

5. The medium of claim 1, further including a 
coupling layer located between the data layer 
and the reference layer, comprised of a rare 
earth-transition metal containing gadolinium or 
dysprosium. 

6. The medium of claim 1, including a domain 
wall between the data layer and the reference 


10. The medium of claim 7, wherein the com- 
pensation temperature of the second magnetic 

25 material is within the range of ± 50 deg C of 

the Curie temperature of the first magnetic 
material. 

11. The medium of claim 7, wherein, the reference 
30 layer is comprised of a rare earth-transition 

metal which is transition metal poor; and the 
data layer is comprised of a rare earth-transi- 
tion metal which is transition metal rich. 

35 12. The medium of claim 5, wherein, the reference 
layer is comprised of Tb a Fe b Co c , where 26 £ a 
£ 29, 0 £ b £ 51 , 22 £ c £ 74, and a + b + c 
= 100; and he data layer is comprised of 
TbxFe y Co 2 , where 19 £ x £ 22. 66 S y S 81. 

40 and 0 £ z % 12, and x + y + z = 100. 

13. The medium of claim 12, wherein the data 
layer is 400-800 angstrom thick and the refer- 
ence layer is 600-3000 angstrom thick. 

45 

14. The medium of claim 7, further including a 
coupling layer located between the data layer 
and the reference layer, comprised of a rare 
earth-transition metal containing gadolinium or 

so dysprosium. 

15. An optical data storage system comprising: an 
optical data storage medium comprising a data 
layer comprised of a first magnetic material, 

55 the first magnetic material having a destruction 

temperature greater than its Curie temperature, 
and a reference layer comprised of a second 
magnetic material, the second magnetic ma- 
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terial having a Curie temperature greater than 
the destruction temperature of the first mag- 
netic material; a radiation source for providing 
a first radiation beam; radiation transmission 
. means for directing the first radiation beam to 
the medium; and radiation reception means for 
receiving a second radiation beam from the 
medium and generating a data signal respon- 
sive thereto. 

16. The system of claim 15, wherein a domain wail 
exists between the data layer and the refer- 
ence layer. 


70 


24. 


material, the second magnetic material having 
a Curie temperature greater than the destruc- 
tion temperature of the first magnetic material, 
the radiation beam being sufficient to heat the 
data layer to a temperature greater than the 
Curie temperature of the data layer; moving 
the medium relative to the radiation beam; and 
pulsing the radiation beam responsive to data 
to be recorded. 

The method of claim 23, wherein a domain 
wall exists between the data layer and the 
reference layer. 


17. The system of claim 15, wherein the first mag- is 
netic material has a compensation temperature 

less than ambient temperature and the second 
magnetic material has a compensation tem- 
perature greater than ambient temperature. 

20 

18. The system of claim 15, wherein the com- 
pensation temperature of the second magnetic 
material is within a range of t 50 deg C of the 
Curie temperature of the first magnetic ma- 
terial. 25 


25. The method of claim 23, wherein the first mag- 
netic material has a compensation temperature 
less than ambient temperature and the second 
magnetic material has a compensation tem- 
perature greater than ambient temperature. 

26. The method of claim 23, wherein the com- 
pensation temperature of the second magnetic 
material is within a range of t. 50 deg C of the 
Curie temperature of the first magnetic ma- 
terial. 


19. The system of claim 15, wherein, the reference 
layer is comprised of a rare earth-transition 
metal which is transition metal poor; and the 
data layer is comprised of a rare earth-transi- 30 
tion metal which is transition metal rich. 

20. The system of claim 15, wherein the reference 
layer is comprised of Tb a Fe b Co c , where 26 £ a 
S x £ 29, O 3 b £ 51, 22 £ c S 74, and a + b 35 
+ c = 100; and the data layer is comprised of 
Tb x Fe y Co 2 , where 19 S x S 22, 66 £ y 2 81, 0 
£ z £ 12, and x + y + z = 100. 

21. The system of claim 20, wherein the data layer 40 
is 400-800 angstrom thick and the reference 
layer is 600-3000 angstrom thick. 


22. The system of claim 15, further including a 
coupling layer located between the data layer 
and the reference layer, comprised of a rare 
earth-transition metal containing gadolinium or 
dysprosium. 

23. A method for recording data comprising the 
steps of: directing a radiation beam to a se- 

.lected portion of an optical data storage me- 
dium, the medium comprising a data layer and 
a reference layer, the data layer comprised of 
a first magnetic material, the first magnetic 
material having a destruction temperature 
greater than its Curie temperature, the refer- 
ence layer comprised of a second magnetic 


27. A method for making an optical data storage 
medium comprising the steps of: depositing a 
data layer on a substrate, the data layer com- 
prised of a first magnetic material having a 
destruction temperature greater than its Curie 
temperature; depositing a reference layer onto 
the data layer, the reference layer comprised 
of second magnetic material having a Curie 
temperature greater than the destruction tem- 
perature of the first magnetic material; and 
exposing the data layer and the reference lay- 
er to a magnetic field, the magnetic field being 
sufficient to align the net magnetizations of the 
reference and data layers in a first direction. 

28. The method of claim 27, wherein the first mag- 
netic material has a compensation temperature 
less than ambient temperature, and the expos- 
es ing step is performed at ambient temperature. 

29. The method of claim 27, wherein the first mag- 
netic material has a compensation temperature 
greater than ambient temperature and the ex- 

so posing step is performed at a temperature 

greater than the first magnetic material com- 
pensation temperature. 

30. The method of claim 27, wherein the magnetic 
55 field is greater than Hc(data) + sigma/(2*Mn), 

where Hc(data) is a coercive force of the data 
layer, sigma is the domain wall energy density, 
M is the magnetization strength of the data 
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layer, and t is the thickness of the data layer. 

31. The ^ethod of claim 27, wherein the magnetic 
field is greater than 18 KOe. 
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© An optical data storage medium is comprised of 
a data layer 16 and a reference layer 18 deposited 
onto a substrate 12. The data layer material is com- 
prised of a transition metal rich rare earth-transition 
metal. The data layer has a destruction temperature 
greater than its Curie temperature. The reference 
layer is comprised of a transition metal poor rare 
earth-transition metal. The reference layer material 
has a Curie temperature greater than the destruction 
temperature of the data, layer material providing a 
write once read many (WORM) medium which may 
be read by erasable magneto optic (MO) drives. 
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